In this paper, we investigate the consequences of choosing different classification systemsnamely, the way publications (or journals) are assigned to scientific fields-for the ranking of research units. We study the impact of this choice on the ranking of 500 universities in the 2013 edition of the Leiden Ranking in two cases. Firstly, we compare a Web of Science journal-level classification system, consisting of 236 subject categories, and a publication-level algorithmically constructed system, denoted G8, consisting of 5,119 clusters. The result is that the consequences of the move from the WoS to the G8 system using the Top 1% citation impact indicator are much greater than the consequences of this move using the Top 10% indicator. In the second place, we compare the G8 classification system and a publication-level alternative of the same family, the G6 system, consisting of 1,363 clusters. The result is that, although less important than in the previous case, the consequences of the move from the G6 to the G8 system under the Top 1% indicator are still of a large order of magnitude.
I. INTRODUCTION
Assume we want to compare the performance of a set of research units. This is, of course, a complex task that depends on a large number of factors. For example, in a recent review article, Waltman (2016) discusses the choice of a bibliometric database, the selection of publications and citations (document type, language, national versus international journals, self-citations, citation window), counting methods for dealing with co-authored publications and, last but not least, citation impact indicators. Assume that these problems have been solved, that is, assume that we have information, collected from a reliable bibliometric database, on the citation distributions of the articles in the periodical literature that these research units have published during a certain period of time in a number of scientific fields. Assume also that we have satisfactorily solved the assignment of coauthored publications to the set of research units in question, and that we have selected some appropriate citation impact indicator. In this paper, we study the consequences of choosing between two classification systems of science, that is, between two ways of assigning individual publications (or journals) to scientific fields. This is an important problem, since differences in production and citation practices between scientific fields must be normalized before any meaningful assessment of these units' research output is possible. As also explained in Waltman (2016) , barring source (citing-side) normalization procedures (see inter alia , and the references cited there), any other field normalization procedure will depend on the classification system used.
We consider two types of classification systems: the Web of Science (WoS hereafter) journallevel classification system, consisting of 236 journal subject categories (or simply categories hereafter), and an alternative publication-level system arising from the algorithmic methodology introduced in Waltman & Van Eck (2012) that classifies individual publications into clusters solely based on direct citations among them.
In practice, the choice of the WoS classification system is often made because, together with the Scopus system, it is readily available. However, a number of studies question the appropriateness of this system for normalization purposes. 1 Among the publication-level alternatives, Klavans and Boyack (2015) conclude that classification systems based on direct citation using the Waltman & Van Eck (2012) methodology are more accurate than classification systems based on bibliographic coupling or co-citation. Ruiz-Castillo & Waltman (2015) apply the Waltman & Van Eck (2012) methodology to a WoS dataset consisting of 9.4 million publications from the 2003-2012 period. A sequence of twelve independent classification systems is obtained, in each of which the same set of publications is assigned to an increasing number of clusters. In this paper, we select the two members of this sequence corresponding to granularity levels 6 and 8 (the G6 and G8 classification systems hereafter)
consisting of 1,363 and 5,119 clusters.
In this scenario, we focus on the comparison between the WoS and the G8 systems that were already studied in Ruiz-Castillo & Waltman (2015) . However, to emphasize the potential importance of the granularity level choice, we also compare the G6 and G8 publication-level systems that have been also studied in Perianes-Rodriguez & Ruiz-Castillo (2016a).
As indicated before, among other factors, ranking research units critically depends on the choice of a citation impact indicator. In this paper, we focus on a percentile rank indicator for two reasons.
Firstly, although percentile rank indicators directly incorporate a suitable normalization procedure for citation counts of publications from different clusters or categories (see inter alia Bornmann & Marx, 2013) , it is important to understand that they are conditional on the classification system used. For example, given any classification system with J clusters, the Top X% indicator is defined as the Ruiz-Castillo & Waltman (2015) studied the consequences of using the Top 10% indicator under the WoS and the G8 systems, in this paper we study the consequences of using the Top 1% indicator. This is an interesting contrast, since it is well known that differences between classification systems tend to increase as the threshold of excellence goes up (Zitt et al., 2005, and RuizCastillo, 2016a ).
To facilitate the comparison of the consequences of using the Top 10% or the Top 1% indicators, in this paper we follow closely the following four methodological decisions adopted in Ruiz-Castillo & Waltman (2015) . ( articles in which at least one author belongs to one of the LR universities. Only 30% of this total has a 2 The Leiden Ranking (www.leidenranking.com) is a university ranking compiled by the Centre for Science and Technology Studies (CWTS), Leiden University, The Netherlands, using the Thomson Reuters bibliographic database Web of Science as the source of the publication and citation data. SCImago is a research group from the Consejo Superior de Investigaciones Científicas, University of Granada, Extremadura, Carlos III (Madrid) and Alcalá de Henares in Spain. The SCImago Institutions Rankings (SIR; www.scimagoir.com) is a bibliometric ranking of research institutions based on Elsevier's Scopus database.
single address line. We use the address-line fractional counting approach to solve the problem of the remaining publications assigned to several co-authors working in different institutions. As a result, the total number of articles in the LR universities becomes 1.9 million. (v) To solve the problems in the computation of the indicators generated by the discrete nature of citation distributions combined with the presence of many publications with the same number of citations, we follow the approach recommended in Waltman & Schreiber (2013) .
The rest of the paper is organized into three Sections and an Appendix. Section II serves two purposes: it presents the data, as well as the results concerning the differences between the three classification systems as the threshold of excellence increases. Section III contains the empirical results concerning the consequences of applying the Top 1% indicator to the 500 LR universities under the three classification systems. Finally, Section IV offers some conclusions. The Appendix includes two items: the method for establishing the differences between the WoS and the G8 systems when the WoS system is constructed according to a fractional scheme, and the ranking of the LR universities according to the Top 1% indicator under the three classification systems.
II. DATA, AND DIFFERENCES BETWEEN CLASSIFICATION SYSTEMS

II.1. The data
Our dataset results from the application of the publication-level algorithmic methodology in Waltman & Van Eck (2012) Castillo & Waltman, 2015) . We work with journals in the sciences, the social sciences, and the arts and humanities, although many arts and humanities journals are excluded because they are of a local nature.
In this paper, we focus on the set of 3,614,447 distinct articles published in the period [2005] [2006] [2007] [2008] . To save space, descriptive statistics for this dataset are available in Ruiz-Castillo & Waltman (2015) . To deal with the problem of multiple assignment of articles to WoS categories, we adopt a fractional strategy according to which each article assigned to, say, m categories, is fractioned into m equal pieces, with each piece assigned to each of the m categories.
II.2. Differences between classification systems
Following Zitt et al. (2005) , we consider the possibility of computing the set of the top X% most cited publications in every cluster in a pair of classification systems A and B. An article that belongs to the top X% in cluster j in system A (or B) may not belong to the top X% in cluster l in system B (or A). The more often this is the case, the more different the two systems will be according to the X% criterion.
We begin by studying the differences between the G8 and the G6 systems. Let c j be the ordered citation distribution of cluster j in system G8, where j = 1,…, 5119. The union C = ∪ j {c j } is the overall citation distribution in the all-sciences case. Similarly, let d g be the ordered citation distribution of cluster g in system G6, where g = 1,…, 1363, and let D = ∪ g {d g } be the overall citation distribution in this case. The total number of articles in C, and D is 3.6 million. For the comparison between the G6 and G8 systems, let x j and x g be the sets of the top X% most cited articles in cluster citation distributions c j and c g , and denote the union of these sets by X G8 = ∪ j {x j }, and X G6 = ∪ g {x g }. Since both systems have the same total number of articles, the number of articles in X G8 and X G6 is also the same, say N X . Let X 68 be the set of distinct articles common to both systems, namely,
be the number of articles in X 68 . The difference between the top X% most cited articles in both systems is measured through the percentage that the articles in X G8 -X 68 represent in X G8 (or the percentage that the articles in X G6 -X 68 represent in X G6 ), that is, through the expression 100(N X -N X68 )/N X . The results for the top 50%, 10%, and 1% most cited articles in the dataset with 3.6 million articles are in Table 1 .
Table 1 around here
Let e k be the ordered citation distribution of category k in the WoS system, where k = 1,…, 236. The union E = ∪ k {e k } is the overall citation distribution in this case. Although the number of articles in each citation distribution e k will typically be a fractional number, the total number of articles in E is 3.6 million. However, to compare the systems G8 and G6 with the WoS system we must take into account that the latter has been constructed according to a fractional scheme. To facilitate the reading of the text, the extension of the original method can be found in the Appendix. The results for the comparison between the WoS and the two granularity levels are also in Table 1 . Table 1 warrants the following two comments. Firstly, independently of the pair of classification systems being compared, we confirm that -as in Zitt et al. (2005) and Perianes-Rodriguez & RuizCastillo (2016a)-the difference between them increases as the threshold of excellence goes up.
Secondly, in the key comparison between the WoS and the G8 systems we observe that, at least in the upper tail of the cluster and categories citation distributions, the difference is very large. In particular,
for the top 1% of most cited articles this difference is 51.7%, or twenty percentage points above the difference for the top 10% of most cited articles. When comparing the G6 and G8 systems, this difference is smaller -31.1%-but non-negligible at all. 3 Therefore, the choice between classification systems could have dramatic consequences for the ranking of research units when the citation impact indicator used in practice is defined over the very upper tail of citation distributions. This is certainly the case for the Top 1% indicator used in this paper (Section III below).
There are 2,420,054 distinct articles -or 67% of the 3.6 million articles published in 2005-2008- with at least one address line belonging to a LR university. Differences between the three classification systems for this dataset according to the top X% criterion when X = 50%, 10%, and 1%, are essentially the same as the differences presented in Table 1 (results are available on request).
II.3. Counting method
The distribution of the 2.4 million distinct articles with at least one address line belongs to an LR university by the number of address lines, as well as other descriptive statistics can be found in 
III. EMPIRICAL RESULTS
III.1. The WoS versus the G8 classification systems
Columns 1 and 2 in Table A We take two aspects into account: the re-rankings that take place in the move from the WoS to the G8 system when the Top 1% is used (column 4 in Table A) , and the differences between the university values themselves (column 5 in Table A ). The results, which are presented in Table 2 , can be compared with the differences found in going from the WoS to the G8 system when using the Top 10% indicator. To facilitate the comparison, the differences for the Top 10% indicator, taken from Table 6 in Ruiz-Castillo & Waltman (2015) , are presented in Table 3 .
Tables 2 and 3 around here
Relatively large re-rankings of more than 25 positions according to the Top 1% indicator occur much more frequently than according to the Top 10% indicator: 296 versus 195 universities are affected in each case (Panel A in Tables 2 and 3 ). This is mostly due to the situation among the last 400 universities, where these numbers are 264 and 188, respectively. Nevertheless, when using the Top1% indicator, as many as 32 large re-rankings take place among the first 100 universities. On the other hand, only 61 universities, or 12.2% of the total exhibit small re-rankings equal to or smaller than five positions.
Something similar occurs when we consider differences in indicator values (Panel B in Tables 2   and 3 ). According to the Top 1% indicator, large changes greater than 0.10 in indicator values occur with more or less equal frequency among the first 100 and the last 400 universities: in both cases, approximately 60% of universities exhibit large changes in indicator values. In contrast, these percentages are 13% and 20.5% according to the Top 10% indicator.
By way of example, Panel C in Table 2 includes the largest gainers and losers among the first 100 universities when going from the WoS to the G8 system. The three columns include the ranking according to the G8 system, the number of positions in the re-ranking, and the difference in Top 1% 
III.2. The G6 versus the G8 classification systems
This Sub-section investigates the consequences of using two different granularity levels within the sequence of publication-level options studied in Ruiz-Castillo & Waltman (2015) . Columns 1 and 2
in Tables 2 and 4 ). However, this is due to the situation among the last 400 universities, since 29 versus 31 of the first 100 universities are affected in the two moves. Thirdly, Panel C in Table 4 includes the largest gainers and losers among the first 100 universities when going from the G6 to the G8 system. As before, the three columns include the ranking according to the G8 system, the number of positions in the re-ranking, and the difference in
Top 1% values. There are only four rather than eleven universities among the gainers of more than 50 positions.
IV. DISCUSSION AND CONCLUSIONS
There are a number of recent results favoring publication-level over journal-level classification could establish that the standard normalization procedure based on system A performs better than the standard normalization procedure based on system B, then we would recommend the use of system A over system B. According to this criterion, the G8 clearly dominates the G6 system. On the other hand, although the comparison of the G8-and WoS-based standard normalization procedures leads to mixed results (technically, the two classification systems turn out to be non-comparable), it can be said that the G8-normalization procedure performs better using the WoS system for evaluation purposes than the WoS-normalization procedure using the G8 system for evaluation purposes.
In practice, the CWTS adopts a publication-level algorithmically constructed classification system à la Waltman & Van Eck (2012) However, we believe that it is important to keep studying the consequences of moving from joint-level classification systems to publication-level alternatives. Among the latter, we also should bear in mind the consequences of choosing alternative granularity levels.
This paper has contributed to this topic by comparing the consequences for the ranking of the 500 universities in the 2013 edition of the LR in two cases: using a WoS journal-level classification system with 236 categories versus the G8 publication-level system with 5,119 clusters, and using the G6 publication-level system with 1,363 clusters versus the G8 system of the same family. Naturally, the ranking of research units depends also on which citation impact indicator we use. Since Ruiz-Castillo & Waltman (2015) studied the Top 10% indicator, in this paper we have focused on the Top 1% indicator.
The difference between the sets of top 10% most cited publications in every cluster/category in the G8 and WoS systems is considerable, namely, 31.7%. However, this difference for the top 1% most cited publications is twenty percentage points greater, namely, 51.7%. Our first result follows from here: the consequences of the move from the WoS to the G8 system are much greater when using the Top 1% than with the Top 10% citation impact indicator. The difference between the sets of top 1% most cited publications in every cluster in the G6 and G8 systems is considerable: 31.1%. This helps explaining our second result: although less important than the consequences of the move from the WoS to the G8 system, the consequences of the move from the G6 to the G8 system are still of a large order of magnitude.
The conclusion is clear. Recent results indicate that there are good reasons to move from journal-level to publication-level algorithmically constructed classification systems. At the same time, due to the high skewness of citation distributions, we are witnessing a shift towards citation impact indicators defined over the very upper tail of citation distributions. Personally, we believe that both moves are advisable. However, the results of this paper indicate that this double trend has important consequences in two interesting cases. On one hand, the move from the WoS to the G8 system using the Top 1% indicator changes the ranking of the 500 universities in the 2013 edition of the Leiden
APPENDIX The G8 system
As indicated in the text, let x j be the set of top X% most cited articles in cluster j in the G8 system, and let X G8 = ∪ j {x j } be the union of all such sets, so that the number of articles in X G8 , N X , is the X% of N. 5 Let X v G8 be the set of articles in X G8 assigned to v categories in the WoS system, where v = 1,…, 6, and let N v be the number of articles in X v G8 , so that
with |X 2 G8 (E)| = 2 N 2 .
The WoS system
As indicated in the text, let e k be the citation distribution of category k in the WoS system, k = 1,…, 236, and let E = ∪ k {e k } be the overall citation distribution. Every distinct article in C can be assigned to v categories in the WoS system with v ∈{1,…, 6}. Therefore, every element of citation distribution e k consists of a number of citations, say e kh , and a weight w kh = 1/v for some v ∈{1,…, 6}. Let n k = Σ h w kh be the number of articles in so that
Let y k be the set of top X% most cited articles in category k in the WoS system, and let 
Finally, for any v we need the citation distribution consisting of the citations received by the elements in X v WoS , that is, for any v, we need
The intersections
and for any v ≥ 2, define the intersections
Let I v be the number of articles in ∩ v , v = 1,…, 6. The number of articles common to the sets X G8 and
Therefore, the difference between the G8 and the WoS systems according to the X criterion can be expressed as 100(N X -
AN EXAMPLE
Assume there are 12 distinct articles and four clusters in system G8: 0, 5, 7, 9) , N 4 = 4.
Assume that there are three categories, and that the distinct articles with citations 3, 5, and 7 are assigned to the three of them. Let n k be the number of articles in category k, k = 1, 2, 3. The three categories are:
e 1 = (1, 1/3 of 3, 1/3 of 5, 1/3 of 7), n 1 = 2, e 2 = (0, 0, 1/3 of 3, 4, 1/3 of 5, 6, 1/3 of 7, 8), n 2 = 6, e 3 = (1, 1/3, 1/3 of 5, 1/3 of 7, 9, 12), n 3 = 4.
If X = 50%, then
x 4 = (7, 9), so that X G8 = (3, 6, 7, 8, 9, 12) , and N X = 6. Note that X G8 = X 1 G8 ∪ X 3 G8 , where X 1 G8 = (6, 8, 9, 12) , and X 3 G8 = (3, 7).
Therefore, X 3 G8 (E) = (3, 3, 3, 7, 7, 7) .
Similarly, Observe that: (6, 8, 9, 12) , and
so that
Therefore, the difference between the G8 and the WoS systems when X = 50% is 100(12 -5)/12 = 58.3%. 
